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DEVICE FOR A LASER LIFT-OFF METHOD
AND LASER LIFT-OFF METHOD

RELATED APPLICATIONS

This 1s a §371 of International Application No. PCT/
EP2010/065891, with an 1nternational filing date of Oct. 21,
2010, which 1s based on German Patent Application No. 10

2009 057 566.9, filed Dec. 9, 2009, the subject matter of
which 1s incorporated by reference.

TECHNICAL FIELD

This disclosure relates to a device for a laser lift-oftf method
and a laser lift-oft method.

BACKGROUND

It could be helptul to provide a device for a laser lift-off
method with which a layer may be severed elliciently and
reliably from a carrier. In particular, i1t could be helpiul to
provide alaser lift-off method 1n which a semiconductor layer
sequence may be reliably removed from a carrier.

SUMMARY

I provide a device for a laser lift-oil method for severing at
least one layer from a carrier including a laser that generates
laser radiation and at least one beam splitter, wherein the laser
radiation 1s divided into at least two partial beams by the at
least one beam splitter, the at least two partial beams are
superimposed 1n an 1rradiation plane, the 1irradiation plane 1s
provided such that a major side of the carrier remote from the
layer 1s arranged therein, and an angle between the at least two
partial beams at the 1irradiation plane amounts to at least 1.0°.

I also provide a laser lift-oif method for severing an epi-
taxially grown semiconductor layer sequence from a carrier,
including providing a semiconductor layer or the semicon-
ductor layer sequence grown epitaxially on the carrier, divid-
ing laser radiation 1nto at least two partial beams; and super-
imposing the partial beams 1n an 1rradiation plane in which a
major side of the carrier remote from the semiconductor layer
sequence1s located, wherein an angle between the atleast two
partial beams at the 1rradiation plane 1s at least 1.0°.

I further provide a laser lift-oif method for severing an
epitaxially grown semiconductor layer sequence from a car-
rier, comprising providing a semiconductor layer or the semi-
conductor layer sequence grown epitaxially on the carrier,
dividing laser radiation into at least two partial beams, and
superimposing the partial beams 1n an 1rradiation plane 1n
which a major side of the carrier remote from the semicon-
ductor layer sequence 1s located, wherein an angle between
the at least two partial beams at the 1irradiation plane 1s 7.5° to
50° and an angle between the partial beams and a perpendicu-
lar of the 1rradiation plane 1s 0° to 30°, the laser radiation 1s
pulsed laser radiation and a pulse duration of the laser radia-
tion1s at most 50 ns, an optical path length difference between
the partial beams corresponds to at least 0.025 times and at
most 0.25 times the pulse duration, and an average roughness
of the major side of the carrier remote from the semiconductor
layer sequence 1s 0.1 um to 5.0 um.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1, 2, 4, 7 and 8 show schematic examples of devices
described herein with which a laser lift-oft method described

herein may be performed.
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FIGS. 3 and 5 show schematic examples of semiconductor
layer sequences described herein.

FIG. 6 shows schematic plan views of major sides of a
carrier 1n the case of a laser lift-otf method described herein.

DETAILED DESCRIPTION

My device 1s suitable for a laser lift-oif method, in particu-
lar for severing a semiconductor layer or semiconductor layer
sequence grown epitaxially on an epitaxial substrate. The
layer or the semiconductor layer 1s preferably based on a
nitride-contaiming or oxide-containing material, 1n particular
a nitride-containing semiconductor material. For example the
semiconductor layer sequence 1s based on GaN, InGaN and/
or AlGaN.

The device may comprise a laser for generating preferably
pulsed laser radiation. The wavelength of the laser radiation 1s
for example accordingly short-wave such that the photon
energy 1s greater than the band gap of the semiconductor
material which 1s to be severed from the carrier. For example,
the wavelength of the laser radiation lies 1n the ultraviolet
spectral range, 1n particular at wavelengths of less than 400
nm or less than 360 nm.

The device may comprise at least one beam splitter, pret-
erably at least two beam splitters. The at least one beam
splitter 1s set up to divide the pulsed laser radiation generated
by the laser into at least two partial beams. The beam splitters
may be dielectric, partially transmissive beam splitters or
mirrors, or just as easily prisms and/or polarization-depen-
dent reflective elements. That 1s to say, when the device 1s 1n
operation, the laser radiation 1s divided into at least two partial
beams by the at least one beam splitter.

The at least two partial beams may be superimposed 1n an
irradiation plane. In other words, the laser radiation 1s divided
into a plurality of partial beams and then caused to overlap
again in the irradiation plane. The fact that the partial beams
overlap 1n the irradiation plane may mean that cross-sections
of the partial beams are partially or completely coincident 1in
the wrradiation plane. Coincident may include one of the
cross-sections being completely surrounded or covered by
another one of the cross-sections.

The 1rradiation plane may be provided such that a major
side of the carrier remote from the layer to be severed from the
carrier 1s arranged therein. The device may to this end com-
prise a holder with which the carrier with the layer may be
held. The holder 1s preferably laterally positionable and dis-
placeable.

An angle between the at least two partial beams at the
irradiation plane may be at least 1.0°. The angle 1s preferably
at least 5.0°. In other words, beam axes of the partial beams
intersect the wrradiation plane such that an angle between the
beam axes of the partial beams, 1n particular 1n pairs, 1s at least
1.0°, preferably at least 5.0°.

The device may be mtended for a laser lift-oif method for
severing at least one layer from a carrier. The device includes
a laser for generating for example pulsed laser radiation and at
least one beam splitter. The laser radiation 1s divided into at
least two partial beams by the at least one beam splitter. The
partial beams are superimposed 1n an 1rradiation plane, the
irradiation plane being such that a major side of the carrier
remote from the layer 1s arranged therein. At the 1rradiation
plane an angle between the at least two partial beams 1s at least
1.0°.

It coherent, directed laser radiation 1s used for a laser
lift-oil method, on passage through an in particular rough
entry face for instance of a carrier an interference pattern may
arise at a boundary surface located for example a few hundred
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micrometers therebelow. This interference pattern comprises
randomly distributed, stationary intensity modulations of the
laser beam passing through. However, damage may occur to
the epitaxially grown semiconductor layer sequence during
laser lift-oif due to the interference-capable laser radiation
when using a relatively mexpensive carrier with an unpol-
ished, rough entry face. To ensure uniform severing for
example of the semiconductor layer sequence from the car-
rier, I discovered that 1t 1s advantageous to avoid or reduce
such intensity modulations.

By division of the laser radiation into at least two partial
beams and subsequent superimposition of the partial beams at
a given angle, which 1s greater than a critical angle, the
interference capability of the laser radiation may be reduced,
whereby intensity modulations of an interference pattern may
be reduced and damage to the semiconductor layer sequence
may be avoided or reduced.

At least two of the partial beams and/or all of the partial
beams may exhibit the same 1ntensities with a tolerance of at
most 20%, 1n particular with a tolerance of at most 10%. In
other words, both and/or all of the partial beams comprise
substantially the same energy per laser pulse. As the number
ol partial beams increases, the energy tolerance per pulse may
also become greater, however. For example, the pulse energy
tolerance may increase by 5 percentage points per additional
partial beam, the tolerance amounting to at most 50%, how-
CVer.

The pulse duration of the laser radiation may at most be 50
ns. For example, the laser radiation may consist of nanosec-
ond pulses with pulse durations of 1 ns to 15 ns, 1n particular
3 ns to 10 ns. It 1s likewise possible for picosecond pulses or
temtosecond pulses to be used, in particular with pulse dura-
tions of 2 1s to 1000 ps or with pulse durations of 60 1s to 20

ps

An optical path length difference between the partial
beams may be at most 0.05 times or at most 0.15 times, in
particular at most 0.025 times the average pulse duration of
the laser radiation. In other words, the light pulses of the
partial beams are set up to impinge substantially simulta-
neously on the carrier. Preferably, the path length difference 1s

at most of such a magnitude that at least 80% or at least 90%
of the total of the energies per pulse of all the partial beams
arrive at the irradiation plane 1n a time window of a length of
at most 1.22 times or 1.15 times the average pulse duration,
preferably of at most the average pulse duration. The pulse
duration 1s preferably related to a drop 1n 1intensity to 1/e of a
maximum intensity of the time profile of the pulses.

An optical path length difference between the partial
beams may correspond to at least 0.025 times and at most 0.3
times the average pulse duration of the laser radiation. In
other words, the light pulses of the partial beams arrive at the
irradiation plane at slightly different times.

A path length difference between the partial beams may
correspond to at most 0.22 times or 0.15 times the average
beam diameter of the partial beams. The beam diameter 1s
related 1n particular to a drop in the spatial, lateral intensity
distribution to 1/e* of the maximum intensity of the beam
profile.

An angle between the partial beams, preferably in pairs,
may 1n each case be 7.5° to 50°. Alternatively or in addition,
an angle between the partial beams and a perpendicular to the
irradiation plane 1s 1n each case 0° to 80°, 1n particular 0° to
30°.

The laser radiation may be divided into N partial beams and
the device comprises N-1 beam splitters. In this case N 1s an
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integer, preferably 3 to 8. For a reflectivity R of the Nth beam
splitter, the following relationship applies:

RIN)=1/(N+1)

The beam splitter with the highest reflectivity 1s here
located, relative to a beam path of the laser radiation or the
partial beams, closest to the wrradiation plane, the beam split-
ter with the second highest reflectivity 1s 1n the second closest
position to the 1rradiation plane and so on.

No optical component intended for radiation transmission
may be located in the beam paths of the partial radiation
between the respective, associated beam splitter and the 1rra-
diation plane. Preferably, therefore, no lens or polarization
optics 1s/are located 1n the beam paths of the partial beams. In
other words, the partial beams preferably do not pass through
any more condensed matter en route from the associated
beam splitter to the 1rradiation plane.

The partial beams 1n each case may exhibit the same cross-
sectional areas and/or the same lateral dimensions in the
irradiation plane, with a tolerance of at most 15%, 1n particu-
lar with a tolerance of at most 10%. In other words, the
cross-sections of the partial beams in the 1rradiation plane are
substantially of equal size and substantially i1dentically
shaped.

The total of the energy densities of all the partial beams 1n
the irradiation plane may be 200 mJ/cm® to 850 mJ/cm? per
laser radiation pulse.

Furthermore, a laser lift-oif method 1s provided for sever-
ing an epitaxially grown semiconductor layer sequence from
a carrier, 1 particular from a growth substrate. The lift-off
method may be carried out with a device as described in
relation to at least one of the above-stated examples. Features
ol the laser lift-off method are therefore also disclosed for the
device described herein and vice versa.

The laser lift-off method may comprise the steps:

providing the semiconductor layer sequence grown epi-
taxially on the carrier,

dividing 1n particular pulsed laser radiation 1nto at least two
partial beams, and

superimposing the partial beams 1n an irradiation plane, in
which a major side of the carrier remote from the semicon-
ductor layer sequence 1s located.

An angle between the at least two partial beams at the
irradiation plane 1s at least 1.0°.

The average roughness of the major surface of the carrier
remote from the semiconductor layer sequence may be 0.1
um to 5.0 um, 1n particular 0.25 um to 2.5 um. For example,
when growing a semiconductor layer sequence epitaxially, a
substrate may be used with one polished and one rough sur-
face. This makes 1t possible to use relatively nexpensive
substrates.

In the laser lift-oif method, the carrier may comprise sap-
phire or consist thereof. Alternatively, the carrier may consist
of another maternial transparent to laser radiation. Transparent
may mean that the carrier exhibits an absorption of at most
20% or of at most 1%, preferably of at most 0.2% at the
wavelength of the laser radiation and partial radiation.

The semiconductor layer sequence may be based on gal-
lium nitride, indium gallium nitride and/or aluminium gal-
lium nitride. It 1s alternatively possible for a layer to be
severed to comprise another, 1n particular oxide-containing or
nitride-contaiming, material such as silicon nitride, which
exhibits high absorption at the wavelength of the laser radia-
tion.

Furthermore, a nitride semiconductor layer sequence 1s
provided, based 1n particular on galllum nitride. The semi-
conductor layer sequence 1s produced for example with a
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device or with a method as indicated 1n relation to one or more
ol the above-stated examples. Features of the semiconductor
layer sequence are therefore also disclosed for the method
and for the device and vice versa.

In addition to a laser lift-oif method, it 1s also possible for
a device described herein and a modification of a method
described herein to be used for 1llumination, homogeneous on
a microscopic scale, of a layer through a rough surface, the
layer being spaced from the rough surface. For example, 1t 1s
possible to achieve homogeneous exposure of a photoresist in
a lithographic method or homogeneous illumination during
radiation-induced curing of a bonding agent, such as a UV-
curing adhesive, through rough surfaces.

A laser lift-off method described herein, a semiconductor
layer sequence described herein and a device described herein
will be explained 1n greater detail below with reference to the
drawings and with the aid of examples. Elements which are
the same 1n the individual figures are indicated with the same
reference signs. The relationships between the elements are
not shown to scale, however, but rather individual elements
may be shown exaggeratedly large to assist in understanding.

FI1G. 1 shows an example of a device 100 with which a laser
lift-off method 1s performed. A laser, not shown in FIG. 1,
emits pulsed laser radiation L. Two beam splitters 4a, 456
divide the laser radiation into three partial beams P1, P2, P3,
partial beam P3 being the laser radiation L reduced by partial
beams P1, P2. The partial beams P1, P2, P3 and the laser
radiation L for example comprise approximately Gaussian
beam profiles with a diameter of 1/e”, relative to a drop in the
intensity of the radiation in the lateral direction with regard to
a maximum intensity, of 2 mm to 8 mm, 1n particular of
around 4 mm. The wavelength 1s for example around 343 nm
or around 355 nm.

The partial beams P1, P2 are superimposed by mirrors 5
with the non-detlected partial radiation P3 1in an 1rradiation
plane 10. An angle a1, a.2 between the partial beams P1, P3
and P2, P3 amounts in each case to around 30°. The angles al,
a2 are also equal to an angle with a perpendicular 11 to the
irradiation plane 10. The perpendicular 11 coincides with a
beam axis of the partial radiation P3 and the laser radiation L.

The 1rradiation plane 10 1s set up such that, with a holder
not shown 1 FIG. 1, a carrier 3 with a layer 2 or with a
semiconductor layer sequence 2 comes to lie with a major
side 30, remote from the layer 2, of the carrier 3 in the
irradiation plane 10. The major side 30 of the carrier 3 pret-
erably comprises a roughness of 0.5 um to 1.5 um, for
example a roughness of roughly 1 um.

Beam paths of the partial beams P1, P2, P3 differ from one
another 1n length, in each case calculated from the beam
splitter 4a to the irradiation plane 10. For example, the beam
path of the partial beam P2 is around 15 cm longer than the
beam path of the partial beam P3. The beam path of the partial
beam P1 1s for example around 30 cm longer than the beam
path of the partial beam P3. A pulse duration of the laser
radiation L 1s for example around 3 ns, an optical path length
difference between the partial beams P1, P3 so corresponding
to around 0.2 times the pulse duration. In other words, the
pulses of the partial beams P1, P2, P3 impinge at different
times on the carrier 3.

Unlike as 1s shown 1n FIG. 1, 1t 1s possible 1n particular for
the partial beams P2 and P3 to be guided such that the indi-
vidual pulses of the partial beams P1, P2, P3 reach the 1rra-
diation plane 10 substantially at the same time. However,
through arrival of the pulses of the partial beams P1, P2, P3 at
the 1rradiation plane 10 at moderately different times, the
interference capability of the laser radiation L or the partial
beams P1, P2, P3 at the irradiation plane 10 can be reduced.
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FIG. 2 shows a three-dimensional representation of a fur-
ther example of the device 100 with which the laser lift-off
method may be performed. The laser radiation L 1s divided
into the four partial beams P1, P2, P3, P4. The partial beams
P1, P2, P3 are arranged rotationally symmetrically around the
non-deflected partial beam P4. The angles at which the partial
beams P2, P3, P4 impinge on the major side 30 of the carrier
3 differ from one another, for example 1n pairs.

FIG. 3A shows a sectional representation of the semicon-
ductor component. The semiconductor layer sequence 2,
which 1s preferably grown epitaxially on the carrier 3 1s
further mounted on a substrate 9 after epitaxial growth. Bond-
ing layers between the substrate 9 and the semiconductor
layer sequence 2 are not shown 1n the figures. The carrier 3
consists for example of sapphire and has a thickness prefer-
ably of 250 um to 1.5 mm, in particular a thickness of around
650 um.

A decomposition zone 20 of the semiconductor layer
sequence 2 at a major side 35 of the carrier 3 facing the
substrate 9 absorbs the partial radiation P. The thickness of the
semiconductor layer sequence 2 1s 1n total for example at most
12 um, 1 particular around 6 um. As a result of the absorption
of the partial radiation P, thermal decomposition of the mate-
rial of the decomposition zone 20 takes place. By scanning
the semiconductor layer sequence 2 and the carrier 3 laterally
with the partial beams P1, P2, P3, P4, the semiconductor layer
sequence 2 may be severed from the carrier 3. The energy
density of all the partial beams P1, P2, P3, P4 per pulse 1s
overall for example around 400 mJ/cm? and preferably just
below a threshold for destruction of a material of the decom-
position zone 20.

FIGS. 3B and 3C schematically plot an intensity I of the
partial radiation P 1n a lateral direction. According to FI1G. 3B,
the partial radiation P comprises a rectangular envelope 7 of
an actual beam profile 8 of the partial radiation P and, accord-
ing to FIG. 3C, the envelope 7 1s Gaussian. The actual beam
profile 8 deviates from the envelope 7 due to interference
elfects. These deviations may lead to uneven detachment of
the semiconductor layer sequence 2 from the carrier 3 and
thus to damage to the semiconductor layer sequence 2. By
dividing the laser radiation L into at least two of the partial
beams P, the intensity modulations of the actual beam profile
8 around the envelope 7 may be reduced such that the semi-
conductor layer sequence 2 may be efliciently and reliably
detached from the carrier 3 by the device and the method. For
example, the deviations of the envelope 7 from the actual
beam profile 8 are at most 20%, preferably at most 10%.

The magnitude of the intensity modulation of the actual
beam profile 8 relative to the envelope 7 may be detected for
example by roughness of the semiconductor layer sequence 2
alter severing from the carrier 3. If the decomposition zone 20
1s removed from the semiconductor layer sequence 2 for
example by etching after severing from the carrier 3, the
intensity modulation of the actual beam profile 8 may be
detected via a structure of the semiconductor layer sequence
2 resulting from etching on a side remote from the substrate 9.

In the example according to F1G. 4, the partial radiation P2,
P3 passes 1n each case through an optical component 6. The
optical component 6 1s for example a cylinder lens, with
which a cross-section of the partial beams P2, P3 in the
irradiation plane 10 may be conformed to a cross-section of
the partial beam P1 which impinges perpendicularly on the
irradiation plane 10, ci. also FIG. 6B. Except for the optical
component 6 designed for beam correction, the partial beams
P1, P2, P3 preferably in each case do not pass through any
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turther condensed matter downstream of the 1n each case
associated beam splitter 4a, 4b as far as the wrradiation plane
10.

According to FIG. 3, the semiconductor layer sequence 2
does not comprise the decomposition zone 20 directly at the
major side 35 of the carrier 3 facing the substrate 9. In other
words, 1t 1s possible to efiect partial lift-oil of the semicon-
ductor layer sequence 2 with the method described herein. In
contrast thereto, 1t 1s alternatively or additionally also pos-
sible for the carrier 3 to comprise a partial layer or region, not
shown, which exhibits increased absorption for the partial
radiation P such that then part of the carrier 3 may also remain
on the semiconductor layer sequence 2 after severing.

The semiconductor layer sequence 2 1s based for example
on gallium nitride. It 1s likewise possible for the decomposi-
tion zone 20 to comprise a difierent, nitride-containing mate-
rial. For example, the decomposition zone 20 may consist of
or comprise silicon nitride.

FIGS. 6 A and 6B show plan views of the irradiation plane
10 and the major side 30. In addition, the beam profiles 8a, 85,
8c, 8d ol the partial beams P1, P2, P3, P4 are shown which are,
for example, present in the 1rradiation plane 10 as a result of
the device 100 according to FIG. 2. Because the partial beams
P1, P2, P3 impinge on the 1irradiation plane 10 at a compara-
tively large angle to the perpendicular 11 of the plane, the
partial beams P1, P2, P3 comprise different cross-sections in
the 1rradiation plane 10.

FIG. 6B shows that the cross-sections 1n the 1rradiation
plane 10 have identical or substantially 1dentical cross-sec-
tional areas and lateral dimensions. This may be achieved by
in particular reflective optics, for example by appropnately
shaped mirrors 5 or by the optical component 6 1n the beam
paths of the partial beams P1, P2, P3. Preferably, at least 80%
or at least 90% of the total energy of the partial beams P1, P2,
P3 lies within a circle with a radius of the average or smallest
beam diameter of the partial beams P1, P2, P3, relative to a
drop in intensity to 1/e”.

FIGS. 7A and 7B show further examples of the device 100.
According to FIG. 7B the three mirrors Sq are rotatable about
a horizontal axis such that the angle at which the partial beams
P1, P2, P3 impinge on the major side 30 1s adjustable. Like-
wise, the carrier 3 with the semiconductor layer sequence 2
may optionally be displaced vertically. The beam paths of the
partial beams P2, P3 are adjustable by the movable mirrors 54
such that a time delay between the partial beams P1, P2, P3
may be established.

In the example according to FIG. 8, the beam splitters 4a,
4b are implemented 1n the form of prisms 12a, 125, 12c¢
formed for example of silica glass. The prisms 12a, 125, 12¢
are either cemented together or, preferably, separated from
one another by narrow air gaps. The beam splitters 4a, 4b are
then partially reflecting boundary faces of the prisms 12a,
126. The beam splitter 4a exhibits a reflectivity of around
33% and the beam splitter 46 a reflectivity of around 50%.
The reflectivity may be adjusted for example by coatings on
the corresponding boundary faces of the prisms 12a, 125, by
the angle of the corresponding boundary faces of the prisms
12a, 126, 12¢, by polarization of the radiation and/or by the
thlckness of a gap between adjacent prisms 12a, 1256, 12c¢.

The optical components 6, which take the form of cylinder
lenses are optionally either mounted on the prisms 12a, 12¢ or
already produced in one piece with the prisms 12a, 12¢. It 1s
ensured by the cylinder lenses that the partial beams P1, P2,
P3 have identical beam cross-sections 1n the irradiation plane
10 (see also F1G. 6B). The mirror 5 may be formed by a totally
reflecting boundary face of the prism 12¢ or by a highly
reflective coating. The prism 12a preferably comprises an
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anti-reflective coating 13 on a radiation entrance face. When
using femtosecond pulses or picosecond pulses, devices not
shown 1 FIG. 8 may be provided for correcting a colour
gradient over time, or chirp, 1n the pulses of the partial beams
P1, P2, P3.

The devices and methods described herein are not
restricted by the description given with reference to the
examples. Rather, this disclosure encompasses any novel fea-
ture and any combination of features, including in particular
any combination of features in the appended claims, even 1f
those features or the combination 1s not itself explicitly 1ndi-
cated 1n the claims or examples.

The mvention claimed 1s:

1. A device for a laser lift-off method for severing at least
one layer from a carrier comprising:

a laser that generates laser radiation; and

at least one beam splitter;

wherein

the laser radiation 1s divided into at least two partial beams

by the at least one beam splitter,

the at least two partial beams are superimposed 1n an irra-

diation plane,

the laser radiation 1s pulsed laser radiation and a pulse

duration of the laser radiation 1s at most 50 ns, and an
optical path length difference between the partial beams
corresponds to at least 0.025 times and at most 0.25
times the pulse duration,

the 1rradiation plane 1s provided such that a major side of

the carrier remote from the layer 1s arranged therein, and
an angle between the at least two partial beams at the
irradiation plane 1s at least 1.0°.

2. The device according to claim 1, wherein all the partial
beams have the same intensity, with a tolerance of at most
20%.

3. The device according to claim 1, wherein the angle
between the partial beams 1s 7.5° to 50° and an angle between
the partial beams and a perpendicular of the irradiation plane
1s 0° to 50°.

4. The device according to claim 1, wherein, between the
associated beam splitter and the 1rradiation plane, the partial
beams do not pass through any optical components provided
for radiation transmission.

5. The device according to claim 1, wherein the partial
beams each exhibit 1dentical cross-sectional areas and 1den-
tical lateral dimensions 1n the 1rradiation plane with a toler-
ance of at most 15%.

6. The device according to claim 1, wherein energy density
of all the partial beams together 1n the 1rradiation plane 1s 200
mJ/cm? to 850 mJ/cm? per pulse.

7. A laser lift-oif method for severing an epitaxially grown
semiconductor layer sequence from a carrier, comprising:

providing a semiconductor layer or the semiconductor

layer sequence grown epitaxially on the carrier;
dividing laser radiation into at least two partial beams; and
superimposing the partial beams 1n an 1rradiation plane in
which a major side of the carrier remote from the semi-
conductor layer sequence 1s located,

wherein an angle between the at least two partial beams at

the 1rradiation plane 1s at least 1.0°, the carrier has a
thickness of 250 um to 1.5 um, and 1intensity modulation
of the superimposed partial beams at a growth side of the
carrier facing the semiconductor layer sequence 1s at
most 20%, relative to a local envelope of a beam profile
of the superimposed partial beams.

8. The method according to claim 7, wherein an average
roughness of a major side of the carrier remote from the
semiconductor layer sequence 1s 0.1 um to 5.0 um.
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9. The method according to claim 7, wherein the carrier
comprises sapphire or consists thereof, and the semiconduc-
tor layer sequence 1s based on GalN, InGalN and/or AlGaN.

10. The method according to claim 7, which 1s carried out
with a device comprising:

a laser that generates laser radiation; and

at least one beam splitter;

wherein

the laser radiation 1s divided into at least two partial beams

by the at least one beam splitter,

the at least two partial beams are superimposed 1n an 1rra-

diation plane,

the 1rradiation plane 1s provided such that a major side of

the carrier remote from the semiconductor layer i1s
arranged therein, and

an angle between the at least two partial beams at the

irradiation plane 1s at least 1.0°.

11. A laser lift-off method for severing an epitaxially
grown semiconductor layer sequence from a carrier, compris-
ng:

providing a semiconductor layer or the semiconductor

layer sequence grown epitaxially on the carrier;
dividing laser radiation into at least two partial beams; and
superimposing the partial beams in an irradiation plane 1n
which a major side of the carrier remote from the semi-
conductor layer sequence 1s located,
wherein
an angle between the at least two partial beams at the
irradiation plane 1s 7.5° to 50° and an angle between the
partial beams and a perpendicular of the irradiation
plane 1s 0° to 30°,

5

10

the laser radiation 1s pulsed laser radiation and a pulse
duration of the laser radiation 1s at most 50 ns,

an optical path length difference between the partial beams
corresponds to at least 0.025 times and at most 0.25
times the pulse duration, and

an average roughness of the major side of the carrier
remote from the semiconductor layer sequence1s 0.1 um
to 5.0 um.

12. A device for a laser lift-off method for severing at least

10 one layer from a carrier comprising:

15

20

25

a laser that generates laser radiation; and

at least one beam splitter;

wherein

the laser radiation 1s divided 1nto at least two partial beams

by the at least one beam splitter,

the at least two partial beams are superimposed in an 1rra-
diation plane,

the 1rradiation plane 1s provided such that a major side of
the carrier remote from the layer 1s arranged therein, and

an angle between the at least two partial beams at the
irradiation plane 1s at least 1.0°, and

the laser radiation 1s divided by N-1 beam splitters into N
partial beams according to a reflectivity R(N) of the Nth
beam splitter:

RIN)=1/(N+1),

wherein N 1s an integer of 3 to 8, and the beam splitters are
arranged with increasing reflectivity along a beam path
towards the 1rradiation plane.

G ex x = e
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